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(54) Method of etching Si02 and process of cleaning silicon wafers using dilute chemical 
etchants and a megasonic field 



(57) Processes for cleaning a silicon body and for 
controllably decreasing the thickness of a silicon dioxide 
layer (25) overlying a silicon substrate (15) are dis- 
closed. The processes comprise chemically etching a 
silicon dioxide layer (25) with a dilute etchant in the pres- 
ence of a megasonic field. The concentration of the 
etchant is preferably (ess than its diffusion-rate-limiting 
threshold concentration at a given temperature. When 
aqueous alkaline hydroxyl ion etchants are employed, 



the concentration of etchant is preferably less than 
about 300 ppm by weight relative to water. The etching 
is discontinued before the silicon substrate is exposed 
to the etchant. The etch rate is controlled to within about 
2 X 10-5 |Lim/min (0.2 A/min) of a target etch rate which 
ranges from about 3 x 10*^ pm/min (0.3 A/min) to about 
4x10-'* |.Lm/min (4.0 A/min). A simpler, more cost-effec- 
tive chemical process for robustly cleaning silicon bod- 
ies or for producing very thin gate oxides is achieved. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention generally relates to the pro- 5 
duction of silicon bodies, and specifically, to a process 
for controllably etching silicon dioxide from the surface 
of such bodies. The invention particularly relates, in a 
preferred embodiment, to a process for cleaning the sur- 
face of single crystal silicon bodies, such as wafers. io 

Microelectronic semiconductor devices are typical- 
ly fabricated on single crystal silicon wafers produced 
from single crystal ingots commercially grown by the 
well-known Czochralski method. The silicon wafers are 
typically prepared through a sequence of steps in which is 
the ingot is trimmed to a precise diameter, flattened 
along one or more sides to Identify crystallographic ori- 
entation, etched to remove mechanical defects, and 
then sliced along a specific orientation into unfinished 
wafers. The unfinished wafers are precisely shaped 20 
through further fabrication steps including edge-round- 
ing, lapping, etching and polishing. 

The yield and performance characteristics of a mi- 
croelectronic device are significantly impacted by the 
level of surface contamination on the silicon wafers. 25 
Generally, both organic and metallic contaminants may 
become physically or chemically attached to the sur- 
face, usually due to the fabrication steps described 
above and the associated handling of the wafers. This 
concern has become more acute as device geometry 30 
has become increasingly smaller. Accordingly, the re- 
moval of such contamination is necessary between wa- 
fer fabrication and shaping steps, after polishing, and 
also during device fabrication processes. 

A variety of chemical processes for cleaning con- 35 
taminants from the surface of silicon bodies are known 
in the art. The "RCA method" is a well known commer- 
cial method for cleaning silicon wafers. In this method, 
the wafer is sequentially exposed to two different chem- 
ical solutions, typically referred to as "Standard Clean- 40 
ing 1 " (SCI ) and "Standard Gleaning 2" (SC2) solutions. 
See F. Shimura, Semiconductor Silicon Crystal Technol- 
ogy, p. 189, Academic Press (San Diego CA, 1989). 

The SCI solution consists of ammonium hydroxide, 
hydrogen peroxide and water in respective ratios rang- ^5 
ing from about 1 :2:7 to about 1:1:5 parts by volume of 
commercially available reagents, typically supplied as 
28-30 wt7o NH4OH In water and as 30-35 wt% HgOg in 
water. The ratios of ammonium hydroxide and hydrogen 
peroxide are expressed relative to water, but independ- so 
ent of each other. That is, in the typical SC1 solution, 
the ratio of NH40H:H20 ranges from about 1 :7 to about 
1:5, the ratio of H202:H20 ranges from about 2:7 to 
about 1:5. and both of these ratios (NH40H:H20 and 
^2^2 ^2^) Independent of each other. Expressed 55 
in parts per million by weight relative to the amount of 
water the concentration of NH4OH in SCI typically rang- 
es from about 35,000 ppm to 50,000 ppm. SC1 solutions 
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with ratios of reagents of about 1:4:20 NH40H:H202: 
H2O (approximately 1 3,300 ppm NH4OH) or of about 1 : 
20:100 (approximately 2,800 ppm NH4OH) are also 
known in the art. Meuris et al., A New Cleaning Concept 
for Particle and Metal Removal on Si Surfaces. Electro- 
chem. Soc. Proc. Vol. 94-7, pp. 15-24 (1994). 

The ammonium hydroxide and hydrogen peroxide 
in the SCI solution simultaneously etch the silicon diox- 
ide layer and oxidize the underlying silicon substrate, 
respectively. As it etches, the ammonium hydroxide re- 
moves organic contaminants and also complexes me- 
tallic contaminants such as copper gold, nickel, cobalt 
and cadmium. However an alkaline etchant, such as 
NH4OH, would, if it came in contact with the underlying 
silicon substrate, etch the silicon in an anisotropic, crys- 
tal-orientation dependent manner and severely roughen 
the surface. The hydrogen peroxide in the SC1 solution 
prevents the ammonium hydroxide from etching the un- 
derlying silicon substrate. The rate of etching Si02 in the 
SCI cleaning system is typically about 1 -5 A/min. How- 
ever, etch rates of conventional SC1 solutions vary con- 
siderably with time, leading to non-uniform cleaning of 
silicon bodies. Additionally, the combination of the high 
basicity with high oxidation potential in the SC1 solution 
results in the precipitation of iron and aluminum oxides. 

The second step of the RCA process, treatment 
with the SC2 solution, is primarily a remedial step aimed 
at the removal of the iron and aluminum oxides which 
arise during the SCI step. The SC2 solution typically 
comprises hydrochloric acid, hydrogen peroxide and 
water in respective ratios ranging from 1:2:8 to 1:1:6 
parts by volume of commercially available reagents, typ- 
ically supplied as 28-30 wt% HCl in water and as 30-35 
wt% H2O2 in water The ratios of hydrogen chloride and 
hydrogen peroxide are expressed relative to water but 
independently of each other The SC2 solution forms 
soluble metallic complexes with alkali and transition 
metals. 

Alternative approaches have been tried to avoid or 
reduce the problem of iron and aluminum precipitates. 
One approach was to use ultrapure reagents for the SCI 
solution. However, even using reagents in which the 
concentration of iron and aluminum is less than 10 ppt, 
the SC2 step was required. Because most of the metallic 
impurities in the SCI bath come from hydrogen perox- 
ide, another approach was to use other oxidants, such 
as ozone, which are available without metallic impuri- 
ties. However attempts to replace the hydrogen perox- 
ide with ozone were unsuccessful because ozone de- 
stroyed the ammonium hydroxide. 

Improvements and variations of the RCA method 
are also known in the art. For example, complete remov- 
al of the naturally occurring silicon dioxide layer overly- 
ing the silicon substrate is believed to facilitate surface 
cleaning. To this end, brief etching of the silicon wafer 
in a very dilute, high-purity hydrofluoric acid (HF) solu- 
tion may be employed between the SCI and SC2 steps 
of the RCA method. Beyer and KastI, Impact of Deion- 
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ized Water Rinses on Silicon Surface Cleaning , J. Else- 
trochem. Soc. 129, 1027-29 (1982) . Another improve- 
ment relates to the use of megasonics with the SC 1 and 
SC2 baths, as reported in U.S. Patent No. 4,804,007 to 
Bran.. ^ 

The use of megasonic cleaners for other, non-SCI 
cleaning schemes is reported, for example, in U.S. Pat- 
ent No. 3,893,869 to Mayer et al.. which discloses the 
use of megasonic frequency sound energy to facilitate 
loosening of particles on the surfaces of semiconductor 
wafers. Further advances in megasonic cleaning appa- 
ratus and applications have been made, as exemplified 
by U.S. Patent No.'s 4,804,007 and 5,286,657 to Bran 
and U.S. Patent No. 5,279,31 6 to Miranda relating to an 
improved megasonic transducer array, a high-intensity ?5 
single-wafer system and a single-bath/mutti-process 
system, respectively. Despite these improvements, the 
level of impurities and variation in etch rates associated 
with conventional SC1/SC2 silicon wafer cleaning sys- 
tems remain problematic. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a simpler, more cost-effective chemical process 25 
for robustly cleaning silicon bodies, and specifically, a 
process in which metallic-precipitate contaminants are 
not introduced by the cleaning reagents. An associated 
object of the invention is to improve the control over the 
rate at which silicon dioxide is etched, and preferably, 30 
to obtain a relatively low etch rate which is temporally 
uniform. A further object of the invention is to controlla- 
bly etch silicon dioxide in order to reduce the thickness 
of the silicon dioxide layer without exposing the under- 
lying silicon substrate to the etchant. 3S 

Briefly, therefore, the present invention is directed 
to a process for cleaning a silicon body having a silicon 
dioxide layer overlying a silicon substrate. The process 
comprises chemically etching the silicon dioxide layer 
with an etchant in the presence of a megasonic field at "^o 
a temperature T, with the concentration of the etchant 
being less than its diffusion-rateU limiting threshold con- 
centration at T. The etchant is preferably an aqueous 
alkaline etchant comprising hydroxyl ion, and the con- 
centration of the etchant is preferably less than about -^5 
300 ppm by weight relative to water 

The process alternatively comprises chemically 
etching the silicon dioxide layer with an etchant at an 
etch rate controlled to be within about 2 x 10-^ jam/min 
of a target etch rate, Retch' ^^e target etch rate, R^tch 
ranging from about 3 x 10"^ ^im/min to about 4 x lO'^ 
lam/min, discontinuing the etching before the silicon 
substrate is exposed to the etchant, and oxidizing the 
silicon substrate. 

The present invention is also directed to a process 55 
for decreasing the thickness of a silicon dioxide layer 
overlying a silicon substrate. The process comprises 
chemically etching the silicon dioxide layer with an etch- 
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ant at a temperature T-, in the presence of a megasonic 
field with the concentration of the etchant being less 
than its diffusion-rate-limiting threshold concentration at 
T^. The etchant is preferably an aqueous alkaline etch- 
ant comprising hydroxyl ion, and the concentration of 
the etchant is preferably less than about 300 ppm. The 
etching is discontinued before the silicon substrate is 
exposed to the etchant. 

These methods for cleaning silicon bodies and for 
decreasing the thickness of a Si02 layer offer significant 
advantages over conventional methods. Uniform etch 
rates ranging from about 3 x lO'^ lam/min (0.3 A/min) to 
about 4x10"^ |„im/min (4.0 A/min) can be achieved, and 
these etch rates can be controlled to within about 2 x 
10-s |.im/min (0.2 A/min) of a target etch rate, Retch- '^^^ 
achievement of controlled, uniform and low etch rates 
enables the use of caustic etchants such as NH4OH to 
etch the silicon dioxide layer without breaking through 
to the silicon substrate. Hence, an oxidizing agent, such 
as the SCI 's H2O2 is not needed in the etching solution 
to preclude the etchant from anisotropically etching the 
silicon substrate. Further advantages result, in a pre- 
ferred embodiment, from exposing the silicon body to 
the etchant and oxidant in two separate baths. The iron 
and aluminum oxide precipitates which are prevalent in 
the SCI NH4OH/H2O2 system are no longer of concern. 
The SC2 step may be eliminated because removal of 
the iron and aluminum oxides is not required. The inter- 
mediate HF step often employed between the SCI and 
SC2 steps may also be eliminated. Another advantage 
of separating the etching and oxidation reactions is that 
other oxidants, such as ozone, which are incompatible 
with the NH4OH environment, can replace H2O2 and 
thereby eliminate a known contributor of impurities. 
Hence, it can be appreciated that the controlled, uniform 
and low etch rates achieved and applied in this invention 
result in substantial advances over conventional meth- 
ods for cleaning the surface of silicon bodies. 

Other features and objects of the present invention 
will be in part apparent to those skilled in the art and in 
part pointed out hereinafter 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a cut-away cross-sectional view of a 
silicon body immersed in an etchant. 

Fig 2 shows Si02 etch rate versus [NH4OH] in the 
absence of a megasonic field with the [NH4OH] ranging 
from about 500 ppm to about 5000 ppm and tempera- 
ture ranging from about 30 °C to about 70°C. 

Fig 3 shows S1O2 etch rate versus [NH4OH] in the 
presence of -i fnoqasonic field with the [NH4OH] ranging 
from ^bcut 500 ppm to about 5000 ppm and tempera- 
ture rnn:: rq frorri nbout 30°C to about SO'C. 

DETAILED DESCRIPTION OF THE INVENTION 

As used herein, the term "silicon" is intended to in- 
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elude within its scope both single crystal silicon and 
polycrystalline silicon. The term "etch rate" refers to the 
change in the thickness of a silicon dioxide layer per unit 
of time, where the thickness is measured as the distance 
perpendicular to the surface of the silicon dioxide sub- 
strate. The term "silicon body" refers to any configura- 
tion or shape of silicon which comprises a silicon dioxide 
layer overlying a silicon substrate. Although silicon wa- 
fers are exemplary of and included within the scope of 
the term "silicon body" the application of the invention 
is not limited to silicon wafers. 

Referring to Figure 1 , silicon dioxide is etched from 
a silicon dioxide layer 25 overlying a silicon substrate 
15 comprising silicon at a reaction surface 27. The re- 
action surface 27 is defined by the interface between 
the silicon dioxide layer 25 and an etchant solution 35. 
As the etching reaction proceeds: the concentration of 
etchant at the reaction surface 27 becomes depleted, 
and a concentration boundary layer 37 forms within the 
solution 35 between the reaction surface 27 and the bulk 
solution 39. The etchant must diffuse through the con- 
centration boundary layer 37 in order to react with the 
silicon dioxide at the reaction surface 27. The etch rate 
of the silicon dioxide layer 25 may be limited by either 
the rate of the etching reaction or the rate of diffusion of 
reactants to the reaction surface 27. If the etchant can 
diffuse through the concentration boundary layer 37 at 
a rate which is relatively faster than the rate at which the 
etchant is consumed in the etching reaction, there will 
be an excess of etchant at the reaction surface 27 and 
the etch rate will be limited by the rate of the etching 
reaction. However, if the diffusion of etchant from the 
bulk solution 39 to the reaction surface 27 cannot keep 
pace with the consumption of etchant at the reaction sur- 
face, then the etch rate will be limited by the rate of dif- 
fusion. The rate of diffusion is directly proportional to the 
concentration of etchant in the bulk solution 39. As used 
herein, a diffusion-rate-timiting threshold concentration 
of etchant in the bulk solution 39 is defined for a given 
temperature as that concentration above which the etch 
rate is limited by the rate of the etching reaction, and 
below which the etch rate is limited by diffusion of etch- 
ant to the reaction surface 27. If the etch rate is limited 
by the etching reaction rate, it is possible to control etch 
rate by the temperature of the solution 35 independent 
of the concentration of etchant! Conversely, if the etch 
rate is limited by diffusion, control of the etch rate is de- 
pendent upon temperature, upon the thickness of the 
concentration boundary layer 37 which defines the dif- 
fusion path length, and upon the concentration of etch- 
ant in the bulk solution 39. 

According to the present invention, the silicon diox- 
ide layer is chemically etched by an etchant in the pres- 
ence of a megasonic field. Any chemical etchant may 
be used, including acidic and caustic etchants. Alkaline 
etchants comprising hydroxyl ions, such as ammonium 
hydroxide, tetramethyl ammonium hydroxide, potassi- 
um hydroxide or sodium hydroxide, are generally fa- 
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vored for many applications. An aqueous ammonium 
hydroxide solution is exemplary of the alkaline hydroxyl 
etchants, all of which substantially dissociate into hy- 
droxyl ions under the conditions known and used in the 
5 art. 

The megasonic field may be generated by methods 
known in the art, including for example, using single- 
tank or double-tank megasonic cleaning apparatus. The 
frequency of the megasonic field preferably ranges from 

10 about 700 kHz to about 1 200 kHz, and most preferably 
from about 840 kHz to about 875 kHz. The power of the 
megasonic field which is applied to the silicon bodies 
being etched is not narrowly critical, but can generally 
range from about 2 W per body to about 30 W per body, 

is and preferably ranges from about 5 W per body to about 
10 W per body. Hence, the total power being supplied 
to a bath of twenty-five silicon wafers being etched pref- 
erably ranges from about 100W to about 200W, and 
most preferably about 150W. However, the total power 

20 supplied to the megasonic transducer will generally 
need to be greater than the total power being applied to 
the bath in which the wafers are situated due to opera- 
tional constraints, heat losses and other inefficiencies 
associated with the various megasonic cleaning appa- 

25 ratus. For example, the power supplied to a single-tank 
megasonic cleaning apparatus rated at 300 W is typi- 
cally limited to about 90% of its rated power — about 
270 W. Assuming that heat heat losses and other inef- 
ficiencies associated with this type of apparatus further 

20 reduce the delivered power by a factor of about 20%, 
the power supplied to the etchant bath would be about 
216 W and the megasonic power applied to twenty-five 
wafers in the bath would be about 9 W per wafer. The 
silicon body is preferably orientated in the etching bath 

35 in a manner which allows for accoustic streaming of the 
etchant over the dioxide layer being etched when 
megasonics is applied. When the silicon body is a silicon 
wafer, the wafers are preferably oriented in the etch- 
bath such that the surface of the wafer is in-line with (ie, 

^0 parallel to) the direction in which the sound waves are 
transmitted through the etchant. 

Etching the silicon dioxide layer in the presence of 
a megasonic field substantially affects the manner and 
mechanism by which the etch-rate can be controlled. 

■^5 For example. Figures 2 and 3 show Si02 etch rate ver- 
sus concentration of NH4OH over similar temperature 
and concentration ranges with megasonics off and on, 
respectively With megasonics off (Fig. 2), the etch rate 
is dependent upon the concentration of NH4OH and is 

50 under diffusion control. With megasonics on (Fig. 3), 
however oich rate is independent of the concentra- 
tion of NH.CH .tnd under reaction rate control. Without 
being bourse r.y theory the megasonic field appears to 
reduce :no cKncss of the concentration boundary lay- 

55 er 37 to cr.:.t:o .-1 shorter diffusion path length. More spe- 
cifically in^SCl bath the thickness of the concentration 
boundary i^iycr 37 ranges from about 50 to about 100 
pm fn the absence of a megasonic field, whereas the 
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boundary layer thickness is about Ipm in the presence 
of a megasonic field. As a result of the shorter diffusion 
path which exists in the presence of a megasonic field, 
the diffusion-rate-limiting threshold concentration of 
etchant in the bulk solution 39 is reduced relative to its 
value in the absence of a megasonic field. That is, when 
a megasonic field is applied, the silicon dioxide etch rate 
becomes diffusion limited (ie, transitions from being re- 
action rate limited) at comparatively lower bulk concen- 
trations of etchant. 

As such, lower concentrations of etchant can be 
used while still operating within the reaction-rate con- 
trolled regime. For example, with megasonics on, Si02 
etch rates can be controlled independent of concentra- 
tion using a dilute ammonium etchant at concentrations 
less than about 3000 ppm, but above the etchant's dif- 
fusion-rate-limiting threshold concentration for a partic- 
ular temperature. Operating at such lower concentra- 
tions can be advantageous over prior art methods with 
respect to being less expensive and less corrosive. As 
shown in Figure 3, etch rates ranging from less than 5 
x 10'^ )_im/min (0.5 A/mIn) to about 4 x 10"* |Lim/min (4 
A/min) are achievable using an ammonium hydroxide 
etchant at concentrations less than about 5,000 ppm 
over a temperature range of 30°C to 80°C. Specifically, 
these etch rates were realized in an SC1 system in 
which the ratio of NH40H:H202:H20 ranges, respec- 
tively, from about 1 : 1 00:500 to about 1 : 1 0:50 by volume 
of commercially available reagent solutions, typically 
supplied as 28-30 wt% NH4OH in water and as 30-35 
wt% H2O2 in water The ratios of ammonium hydroxide 
and hydrogen peroxide are expressed relative to water, 
but independent of each other That is, in the SC1 solu- 
tion described above, the ratio of NH40H:H20 ranges 
from about 1:500 to about 1:50, the ratio of H202:H20 
is about 1 :5, and both of these ratios (NH40H:H20 and 
H202:H20) are independent of each other Expressed 
in parts per million, the concentration of NH4OH in the 
SCI solution described above ranges from about 550 
ppm to about 5,500 ppm by weight relative to water The 
etchant concentration while operating within the reac- 
tion-rate controlled regime using an aqueous alkaline 
etchant is preferably less than about 3000 ppm and 
more preferably less than about 1000 ppm by weight 
relative. to water. Exemplary aqueous ammonium hy- 
droxide etchant solutions would have ratios of NH4OH: 
HgO of 1:100 (for about 3000 ppm) and of 1:300 (for 
1000 ppm) by volume of commercially available rea- 
gents. 

Moreover the silicon dioxide layer can also be 
etched at acceptable rates in the presence of a 
megasonic field while operating within the diffusion-con- 
trolled regime, where the etchant concentration is less 
than the diffusion-limiting threshold concentration for 
the temperature at which the silicon dioxide is being 
etched. When alkaline hydroxyl ion etchants such as 
ammonium hydroxide are used in aqueous solution to 
etch silicon dioxide in the presence of a megasonic field, 
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the etchant concentration is preferably less than about 
300 ppm by weight relative to water and more preferably 
less than about 100 ppm for temperatures ranging from 
about 30**C to about 80°C. The concentration of aque- 

5 ous alkaline hydroxyl ion etchants preferably ranges 
from about 10 ppm to about 100 ppm and more prefer- 
ably from about 30 ppm to about 100 ppm for tempera- 
tures ranging from about 30°C to about 80°C. The con- 
centration of such etchants most preferably ranges from 

^0 about 50 ppm to about 80 ppm at a temperature of about 
70°C. When a dilute ammonium hydroxide etchant is 
used at these preferred concentrations and tempera- 
tures, silicon dioxide etch rates ranging from about 3 x 
10-5 lam/min (0.3 A/min) to about 4 x lO'"^ nm/min (4.0 

?5 A/min) are achievable. Further, these etch rates are con- 
trollable to within about 2 x 10"^ |am/min (0.2 A/min) of 
a desired or target etch rate, Rgtch- such very 

dilute etchant solutions in conjunction with a megasonic 
system allows for relatively lower etch rates and a cor- 

20 responding greater degree of control over the etching 
process. Using dilute etchants also results in less vari- 
ation in concentration of etchant, and therefore, in more 
uniform etching. Collectively, the uniform, controllable 
and low etch rates provide an opportunity to discontinue 

25 the etching reaction in a precise and controllable man- 
ner. Furthermore, dilute concentrations of etchant are 
substantially less expensive and less caustic. 

Controlling the etch rate within values ranging from 
about 3 x 10-5 |im/min (0.3 A/min) to about 4x10^ |am/ 

30 min (4.0 A/min), and within about 2 x 10-^ |.im/min (0.2 
A/min) of the desired etch rate affords an opportunity to 
discontinue the etching reaction before the silicon sub- 
strate 15 is exposed to the etchant, and thereby pre- 
cludes anisotropic etching of the silicon substrate 15. 

25 Controlling the etch rate within this range also allows for 
the possibility of etching up to as much as 0.1 |.tm (1000 
A) of silicon dioxide 25 within a reasonable time frame. 
Although the present invention could be used in appli- 
cations where the thickness of the silicon dioxide layer 

40 25 is to be decreased more than 0.1 ^im, the invention 
is preferable suited to applications requiring a decrease 
of less than 0.1 i^m, and most preferably decreases in 
thickness ranging from about 5 x lO"'* |j.m (5 A) to about 
5 x 10"^ }am (50 A). Controlling the etch rate to within 

■^5 about 2 X 1 6'5 |im/min (0.2 A/min) of a desired etch rate 
further facilitates the controlled decrease in thickness of 
a silicon dioxide layer, as well as the controlled discon- 
tinuance of the etching before the silicon substrate is 
exposed to the etchant. The etch rate can be controlla- 

50 biy discontinued when the thickness of the silicon diox- 
ide layer is within about 5 x lO'"* jam (5 A) of a thickness, 
t, or equivalently to within about one or two monolayers 
of silicon dioxide. 

The achievement of such uniform and controllably 

55 low etch rates by the methods detailed above find direct 
application in cleaning impurities from the surface of sil- 
icon bodies. In a preferred embodiment, which consti- 
tutes a fundamental departure from the conventional 
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SC1 step of the RCA method, alkaline etching and oxi- 
dizing of the silicon body occurs sequentially in separate 
baths. Specifically, the surface of a silicon body is 
cleaned by first chennically etching the silicon dioxide 
layer overlying the silicon substrate with an etchant in a 
first nnegasonic bath and in the absence of an oxidant. 
The surface of the silicon body is preferably hydrophilic 
before it is etched. If the surface is hydrophobic, it is 
preferable to expose the surface to an oxidant, such as 
ozone, prior to etching to achieve a surface which is hy- 
drophilic in nature. The etching is preferably diffusion- 
rate linnited rather than reaction-rate limited. In a pre- 
ferred process, the etching is carried out in a megasonic 
bath with an etchant concentration less than the diffu- 
sion-limiting threshold concentration for the tempera- 
ture at which the silicon dioxide is being etched. The 
silicon dioxide layer is preferably etched until the thick- 
ness of the silicon dioxide layer ranges from about 0.2 
nm (2 A) to about 1.0 nm (10 A), but in any event, the 
etching is discontinued before the silicon substrate is 
exposed to the etchant. The etching results in an etched 
silicon body. 

After rinsing the etched silicon body, by quick- 
dump-rinse or other techniques known in the art, the sil- 
icon substrate of the etched silicon body is oxidized with 
an oxidant in a second bath, preferably until the thick- 
ness of the silicon dioxide layer ranges from about 1.0 
nm (10 A) to about 1 .5 nm (1 5 A). Although any oxidant 
could be used, the oxidant preferably comprises ozone 
at concentrations ranging from about 50 ppb to about 
50 ppm. Most preferably, the etched silicon body is ex- 
posed to a ozone at a concentration of about 1 5 ppm for 
about 5 minutes at room temperature. The oxidizing re- 
sults in an oxidized silicon body. The oxidized silicon 
body is then rinsed, and preferably, the etching and ox- 
idizing steps detailed above are repeated several times 
to ensure rigorous cleaning of the surface of the silicon 
body. The etch-rinse-oxidize-rinse cycle can be repeat- 
ed as many times as necessary to effect cleaning of the 
silicon body surface. For cleaning single-crystal silicon 
wafers as a part of wafer or device manufacturing proc- 
esses, two to six etching-oxidizing cycles are generally 
sufficient. After the final etching-oxidizing cycle, the ox- 
idized silicon body is again rinsed, and then dried, pref- 
erably in an isopropyl alcohol vapor dryer. 

The thickness of the silicon dioxide layer may be 
measured by several direct or indirect methods known 
in the art. Exemplary direct methods include ellipsome- 
try and photo-electron spectrometry. In one indirect 
method, the time required to etch the silicon dioxide lay- 
er at a known etch rate is measured, and the average 
thickness is calculated therefrom. In an alternative indi- 
rect method, the entire silicon dioxide layer is etched 
from the substrate, and the silica content of the etchant 
solution is determined. Vepa et al., A Method for Native 
Oxide Thickness Measurement, Electrochem. Soc. 
Proc, Vol. 95-20, pp. 358-365 (1995). 

A further embodiment of the present invention re- 



lates to an improvement in the SCI cleaning step of the 
well known RCA method. In this embodiment, the sur- 
face of a silicon body is cleaned by chemically etching 
the silicon dioxide layer overlying the silicon substrate 

5 with an etchant in a megasonic bath which comprises a 
dilute concentration of etchant and an oxidant. As the 
silicon dioxide layer is etched, the oxidant in the bath 
simultaneously oxidizes the silicon substrate. In a sys- 
tem in which aqueous ammonium hydroxide and hydro- 

10 gen peroxide are used as the etchant and oxidant, re- 
spectively, preferred concentrations of etchant ranging 
from about 10 ppm by weight relative to water to about 
1 00 ppm are achieved using ratios of NH4OH : HgOg: HgO 
ranging from about 1:100:28,000 to about 1:100:3000, 

^5 respectively, by volume of commercially available rea- 
gent solutions, typically supplied as 28-30 wt% NH4OH 
in water and as 30-35 wt% H2O2 in water. That is, these 
preferred concentrations are achieved using an SCI so- 
lution in which the ratio of NH40H:H20 ranges from 

20 about 1 :28,000 to about 1 : 3000, the ratio of HgOg: HgO 
ranges from about 1:280 to about 1:30, and both of 
these ratios (NH40H:H20 and H2Q2:H20) are inde- 
pendent of each other. Concentrations of etchant rang- 
ing from about 30 ppm by weight relative to water to 

25 about 100 ppm are achieved using ratios of NH4OH: 
H202:H20 ranging from about 1:100:9,000 to about 1: 
100:3000, respectively, by volume of commercially 
available reagent solutions, typically supplied as 28-30 
wt% NH4OH in water and as 30-35 wt% H0O2 in water. 

30 Following the SCI step, the silicon body may be subse- 
quently exposed to the SC2 solution in accordance with 
the known RCA method. 

The present invention finds additional applications 
in the manufacture of gate oxides. Gate oxides are 

35 known in the art and are used in devices such as NMOS 
and PMOS field effect transistors (FET's). Gate oxides 
comprise a thin silicon dioxide layer overlying a silicon 
substrate. Typically, the thickness of the silicon dioxide 
layer on such thin gate oxides ranges from about 8 x 

40 iO-3|_Lm (80 A) to about 1 x 102|.tm (100 A). Recent ad- 
vances in gate oxide technologies require silicon dioxide 
layers ranging from about 4 xlO"^ |am (40 A) to about 5 
X 10*^ )im (50 A). Further advances in technology for 
may ultimately require ultra thin silicon dioxide layers as 

45 thin as about 5 x 10*"* (5 A). Such ultra thin oxides may 
be achieved by the methods of this invention. 

The embodiments described herein may be used in 
both multiple bath systems which employ a single proc- 
ess step in each bath, or in single bath systems which 

50 employ multiple process steps in that single bath. Fur- 
ther, the embodiments of the present invention could be 
employed as continuous processes or as batch proc- 
esses acting on either multiple or individual silicon bod- 
ies. 

55 Other applications for chemical etching systems 
with the characteristics of the present invention exist. In 
general, the invention may be used in any application in 
which it is desirable to remove a fixed amount of silicon 
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dioxide, in a controlled nnanner, with or without reoxidiz- 
ing the silicon substrate. Such other applications will be 
apparent to those skilled in the art. 



Claims 

1. A process for decreasing the thickness of a silicon 
dioxide layer (25) overlying a silicon substrate (15), 
the process comprising 

chemically etching the silicon dioxide layer (25) 
with an etchant in the presence of a megasonic 
field, the concentration of the etchant being 
less than the diffusion-rate-limiting threshold 
concentration for the temperature at which the 
silicon dioxide layer (25) is being etched; and 
discontinuing the etching before the silicon 
substrate (15) is exposed to the etchant. 

2. A process for cleaning the surface of a silicon body 
having a silicon dioxide layer (25) overlying a silicon 
substrate (15), the process comprising 

chemically etching the silicon dioxide layer (25) 
with an etchant in presence of a megasonic 
fieid to form an etched silicon body, the concen- 
tration of etchant being less than the diffusion- 
rate-limiting threshold concentration for the 
temperature at which the silicon dioxide layer 
(25) is being etched; 

discontinuing the etching before the silicon 
substrate (15) is exposed to the etchant: and 
oxidizing the silicon substrate (15) with an oxi- 
dant to form an oxidized silicon body. 

3. A process for cleaning the surface of a silicon body 
having a silicon dioxide layer (25) overlying a silicon 
substrate (15), the process comprising 

chemically etching the silicon dioxide layer (25) 
with an etchant at an etch rate controlled to be 
within about 2 x 10'^ |am/min of a target etch 
rate, the target etch rate ranging from about 3 
X 1 0"^ |im/min to about 4x10'"^ |um/min; discon- 
tinuing the etching before the silicon substrate 
(15) is exposed to the etchant: and 
oxidizing the silicon substrate (15) with an oxi- 
dant. 

4. A process according to claim 2 or claim 3, wherein 
the silicon dioxide layer (25) is etched and the sili- 
con substrate (15) is oxidized in a bath comprising 
the etchant and the oxidant. 

5. A process according to claim 2 or claim 3, wherein 
the silicon dioxide layer (25) is etched in a first bath 
comprising the etchant in the absence of an oxidant, 



and the silicon substrate (1 5) is oxidized in a second 
bath comprising the oxidant. 

6. A process according to claim 5, wherein the steps 
5 of chemically etching the silicon dioxide layer (25), 

discontinuing the etching and oxidizing the silicon 
substrate (15) are repeated at least once. 

7. A process according to claim 5 or claim 6, wherein 
10 the silicon dioxide layer (25) is etched until the thick- 
ness of the silicon dioxide layer (25) ranges from 
about 0.2 nm to about 1 .0 nm and the silicon sub- 
strate (15) is oxidized until the thickness of the sili- 
con dioxide layer ranges from about 1 .0 nm to about 

is 1.5 nm. 

8. A process according to any one of claims 5 to 7, 
further comprising the steps of: rinsing the etched 
silicon body; rinsing the oxidized silicon body; and 
repeating the steps of chemically etching the silicon 
dioxide layer (25), rinsing the etched silicon body, 
oxidizing the silicon substrate (15) and rinsing the 
oxidized silicon body at least once. 

9. A process as according to any one of claims 1 to 8, 
wherein the etchant is an aqueous alkaline etchant 
comprising hydroxyl ion, the concentration of the 
etchant is less than about 300 ppm by weight rela- 
tive to water and the temperature of the etchant 
ranges from about 30°C to about 80^*0. 

10. A process according to any one of claims 1 to 9, 
wherein the etching is discontinued when the thick- 
ness of the silicon dioxide layer (25) is within about 
5 x lO-'^jLim of a target thickness. 
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the concentration of etchant is preferably less than 
about 300 ppm by weight relative to water The etching 
is discontinued before the silicon substrate is exposed 
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tive chemical process for robustly cleaning silicon bod- 
ies or for producing very thin gate oxides is achieved. 



F/6. / 




CL 

m 



Printed by Jouve 7500 1 PARIS (FR) 



8NSDOCID: <EP 0844650A3_I_> 



EP 0 844 650 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 30 7698 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.6) 



US 4 339 340 A (MURAOKA HI5ASHI ET AL) 
13 July 1982 

* column 4, line 22-37 * 

* column 6, line 55-68 * 

* column 7, line 66 - column IG, line 48 ^ 

MITSUSHI ITANO ET AL: "PARTICLE 
DEPOSITION AND REMOVAL IN WET CLEANING 
PROCESSES FOR ULSI MANUFACTURING" 
IEEE TRANSACTIONS ON SEMICONDUCTOR 
MANUFACTURING, 

vol. 5, no. 2, 1 May 1992, pages 1I4-12G, 
XP0Q0360141 

* pages 117-119 "B. Particle Removal from 
Wafer Surfaces"; Figs. lG-13 ^ 

MEURIS M ET AL: "THE IMEC CLEAN: A NEW 

CONCEPT FOR PARTICLE AND METAL REMOVAL ON 

SI SURFACES" 

SOLID STATE TECHNOLOGY, 

vol. 38, no. 7. July 1995, page 109/110, 

112, 114 XP0O0523398 

* pages 109, 110 "The IMEC clean concept"; 
Fig. 1 

HEYNS M M ET AL: "NEW WET CLEANING 
STRATEGIES FOR OBTAINING HIGHLY RELIABLE 
THIN OXIDES" 

SURFACE CHEMICAL CLEANING AND PASSIVATION 
FOR SEMICONDUCTOR PROCESS, SAN FRANCISCO, 
APR. 13 - 15 1993 

no.* VOL. 315! 13 April 1993, pages 35-45, 
XP0OG699593 

HIGASHI G S; IRENE E A; TADAHIRO OHMI (EDS) 

* page 36, paragraph 2 - page 37, 
paragraph 2; figure 1 * 

* page 44 "Table 5" * 



3,5,9, IG 



H01L21/306 
H01L21/311 



1,2,4,9 



i3,4,lG 



il,2,4,6 



The present search report has been drawn up for all dainns 



TECHNICAL RELOS 
SEARCHED (lnt.CI.6) 



HGIL 



MUNICH 



25 March 1999 



Examine: 

Boetticher, H 



CATEGORY OF CITED DOCUMENTS 

X . particularly relevant if taken atonfr 

Y : particularly retewant if combined wtth another 

aocumertt of tho same category 
A ' technslogicat background 
O : non-wntten disclosure 
P : intermediate document 



T . thecy or principle unqerlying tne invention 
E : earitt*- patent document, but published on, or 

after the filing date 
0 : document cited m the appJicatior, 
L : document cited for other reasons 



& , memoer af the same patent famry. corresponding 
dooumenl 



2 



EP 0 844 650 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 3G 7698 



DOCUMENTS CONSIDERED TO BE RELEVANT 



t Category 



! A 



Citation of document with indication, where appropriate, 
of relevant passages 



EP 0 701 275 A (MEMC ELECTRONIC MATERIALS) 
13 March 1996 

* column 2, line 32 - column 3, line 41 * 

* column 5, line 15-31 * 

US 4 264 374 A (BEYER KLAUS D ET AL) 
28 April 1981 

* column 2, 1 ine 8-15 * 

* column 3, line 24-32; claims 3-6 * 

US 5 5Q9 970 A (SHIRAMIZU YOSHIMI) 

23 April 1996 

* column 3, line 16 - column 4, line 42; 
figure 3 * 



Relevant 
to clainr. 



CLASSIFICATION OF THE 
APPLICATION (lnLCI.6) 



1,2.5,7, 
8 



1,2,5 



1,2 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.61 



The present search report has been drawn up for aii claims 



Place o( fiearcr 



MUNICH 



Dale y- corrplethDr, "-e s*»^f.-- 

25 March 1999 



Boetticher, H 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : parricuiflriy relevant ^ combined with another 

aosument ot the same category 
A : technakigtcal background 
O : non-wntten disclosure 
P : intermediate document 



T : theory or d'-^ - f * urr-».-tynng —le invention 
E earlier o^tmf —>•.-< 7^^; f-t.^isisfp-d on. or 

after the (- 1 ' 1 
D : documtr'it cim 1 ' a^otfcatic- 
L documer; , t— t '4 Jtti» r«;i^otik 



& : membe- o* caient ta"rui>. corresponding 

document 



BNSDOCID: <EP 0844650A3 I > 



3 



EP 0 844 650 A3 



I 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 97 30 7698 



This annex lists the patent fami'y members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EOP file on 

The European Patent Office is in no way liable for these oarticuiars which are merely given for the purpose of information. 

25-03-1999 



Patent document 
cited in search reoort 


_ 1 

Publication 
date 


Patent family 
member(s) 


Publication 
i:late 


US 4339340 


A 


13-07-1982 


JP 


62064877 


A 


28-G5-1977 








JP 


1108857 


C 


13-08-1982 








.IP 






28-05-1977 








J r 




D 


17-12-1981 








1 D 


Q A'5nA/l 
y 0 jUD4 


r 


20-07-1979 








JP 


52064876 


A 


28-05-1977 








JP 


53043012 


B 


16-11-1978 








JP 


943081 


C 


15-03-1979 








JP 


52064870 


A 


28-05-1977 








J r 




D 


25-G6-1978 








JP 


943082 


c 


15-03-1979 


1 






JP 


52064871 


A 


28-05-1977 








JP 


53020377 


B 


25-06-1978 








■ JP 


1091177 


C 


31-03-1982 








JP 


52064879 


A 


28-05-1977 








JP 


56034090 


B 


07-08-1981 








DE 


2539004 


A 


02-06-1977 








GB 


1573206 


A 


20-08-1980 








NL 


7609602 


A,B, 


31-05-1977 








US 


4239661 


A 


16-12-1980 








GB 


1573207 


A 


20-08-1980 


EP G701275 


A 


13-03-1996 


US 


5516730 


A 


14-05-1996 








CN 


1127805 


A 


31-07-1996 








JP 


8078377 


A 


22-03-1996 








US 


5712198 


A 


27-01-1998 


US 4264374 


A 


28-04-1981 


JP 


55044798 


A 


29-03-1980 


US 5509970 


A 


23-04-1996 


JP 


2586304 




26-02-1997 








JP 


7094458 


A 


07-04-1995 





?or more details about this annex : see Dtfisiat Journal of the European Patent Cttir.^ 



: ^EP 0844650MJ_> 



